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The aim of this study was to identify predictors of 30-day and midterm mortality after transcatheter aortic valve implantation (TAVI) by means of a systemic review. TAVI was demonstrated to be safe and efficacious in patients with severe aortic stenosis. An accurate estimation of procedural risk of these patients represents an actual challenge. The PubMed and Cochrane Collaboration databases were systematically searched for studies reporting on the incidence and independent predictors of 30-day and midterm mortality. Adverse events were pooled with random effect, whereas independent predictors are reported as odds ratios (ORs) with 95% confidence intervals (CIs). A total of 25 studies with 8,874 patients were included (median age 82.5 -1.5 years, 54.6% women). At 30 days, 7.5% of patients (n [ 663) died. At midterm follow-up (median 365 days, interquartile range 267 to 365 days), the cumulative mortality rate was 21.6% (n [ 1,917). Acute kidney injury (AKI) stage ‡2 (OR 18.0, 95% CI 6.3 to 52), preprocedural hospitalization for heart failure (OR 9.4, 95% CI 2.6 to 35), periprocedural acute myocardial infarction (OR 8.5, 95% CI 2.6 to 33.5), and increased proebrain natriuretic peptide (pro-BNP) levels (OR 5.4, 95% CI 1.7 to 16.5) were the most important independent predictors of 30-day mortality. Increased pro-BNP levels (OR 11, 95% CI 1.5 to 81), AKI stage 3 (OR 6.8, 95% CI 2.6 to 15.7), left ventricular ejection fraction <30% (OR 6.7, 95% CI 3.5 to 12.7), and periprocedural acute myocardial infarction (OR 6.5, 95% CI 2.3 to 18.1) represented the predictors of midterm mortality. In conclusion, in this large meta-analysis of patients undergoing TAVI, we found that high pro-BNP levels and postprocedural AKI were the strongest independent predictors of both 30-day and 1-year mortality. These findings may contribute to a better understanding of the risk assessment process of patients undergoing TAVI. yield helpful tools that could facilitate decision making of the heart team. Contemporary literature falls short in addressing this issue, despite the availability of numerous publications, as the knowledge on predictors of mortality is fragmentary. Meta-analyses have currently been performed only for reporting the incidence of TAVI-related complications or identifying predictors of specific adverse events, for example, paravalvular leak. 8, 9 However, a comprehensive analysis of predictors of 30-day and midterm mortality is still lacking. The aim of this study was thus to identify predictors of post-TAVI 30-day and midterm mortality by means of a systemic review of the currently available literature.
Methods
This study was conducted in accordance with the current guidelines, including the recent Preferred Reporting Items for Systematic reviews and Meta-Analyses amendment to the Quality of Reporting of Meta-analyses statement, and recommendations from The Cochrane Collaboration and Meta-analysis Of Observational Studies in Epidemiology (MOOSE). 10 PubMed and Cochrane databases were searched for reports published in English from January 2002 to June 2013 according to the following highly sensitive strategy, in compliance with established methods and incorporating wildcards (identified by *): (TAVI* OR TAVR OR independently by 2 reviewers (FG and FDA) at the title and/ or abstract level. The reports remaining after the initial screening were appraised in the full text with respect to the following inclusion criteria: (1) human study, (2) investigating patients undergoing TAVI, (3) reporting predictors of mortality at 30 days or at midterm follow-up, and (4) online full-text available publication. All criteria had to be met for inclusion. Exclusion criteria were (1) duplicate reporting and (2) study population <50 patients. The presence of even one of the exclusion criteria sufficed for exclusion. Duplicate reporting was handled by selecting the study reporting on the largest sample of patients undergoing TAVI, or if equal, the study with the largest number of overall patients.
The quality and validity of the included studies were independently assessed by 2 reviewers (FG and FDA). After modifying the MOOSE item list, to ensure compatibility with the included studies, each study was summarized and critically appraised with respect to study design, data source, the statistical methods used for multivariate analysis, and the risk of bias (graded as low, moderate, high, or unknown because incomplete reporting may render it impossible to ascertain the risk of bias). 10 Encountered bias was further subdivided into analytical, selection, adjudication, detection, and attrition bias.
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Result analysis of the studies was registered on dedicated electronic forms. The forms were piloted over the first 5
The 25 included studies reported on a total of 8,874 patients treated with TAVI for symptomatic severe aortic stenosis (AS). Approximately 1/2 of the patients were women (54.6%); median age was 82.5 1.5 years. Mean logistic EuroSCORE-I was 23. 4 3.1% and was above 20% in all studies, except for one (19 13%) . 21 In those studies (n ¼ 5) in which reporting results was exclusively done using the Society of Thoracic Surgery score, 22, 25, 28, 32, 35 the mean risk of perioperative mortality was >5%. Diabetes mellitus was present in 24% (n ¼ 2,153) of patients, renal insufficiency in 48% (n ¼ 4,264), and a history of previous revascularization (either surgical or percutaneous) in 40% (n ¼ 3,541). Left ventricular ejection fraction (LVEF) was in general preserved, except for 3 studies in which mean LVEF was mildly compromised (range of mean LVEF 47% to 60%). 26, 27, 32 The most important baseline characteristics are reported in Table 1.   592  593  594  595  596  597  598  599  600  601  602  603  604  605  606  607 610  611  612  613  614  615  616  617  618  619  620  621  622  623  624  625  626  627  628  629  630  631  632  633  634  635  636  637  638  639  640  641  642  643  644  645  646  647  648  649  650  651  652  653  654  655  656  657  658  659  660 A small majority of patients were treated by the transfemoral approach (51.1%), followed by the transapical approach (33.7%), and only few patients received a direct aortic or trans-subclavian procedure (1.5% and 0.2%, respectively). In 60.8% (n ¼ 5,392) of patients, an Edwards SAPIEN or SAPIEN XT balloon-expandable valve (both Edwards Lifesciences, Irvine, California) was implanted, and in 21.4% (n ¼ 1,899) of patients, the self-expandable third-generation Medtronic CoreValve (Medtronic Inc., Minneapolis, Minnesota) prostheses were used, whereas 3 studies (comprising 15.8% of patients, n ¼ 1,583) did not specify the type of valve implanted. 20, 22, 23 Because of the infrequent reporting of conversion to surgery and intraprocedural death, no reliable incidence could be reported for these events. Table 2 summarizes procedural TAVI characteristics in the various studies.
At 30 days, 7.5% (n ¼ 663) of patients died. Acute kidney injury (AKI) occurred in 8.02% (n ¼ 712), lifethreatening and major bleeding in 13.8% (n ¼ 1,224), major vascular complications in 8.8% (n ¼ 782), periprocedural acute myocardial infarction (AMI) in 0.6% (n ¼ 51), and pacemaker implantation in 12.5% (n ¼ 1,106) of patients. At midterm follow-up (median 365 days, interquartile range 267 to 365), 21.6% (n ¼ 1,917) of patients had died. The strongest predictors of 30-day mortality were AKI stage 2 (OR 18.0, 95% CI 6.25 to 52), preprocedural hospitalization for at least 1 week (OR 9.36, 95% CI 2.55 to 35), periprocedural AMI (OR 8.54, 95% CI 2.57 to 33.52), and preprocedural increased proebrain natriuretic peptide (pro-BNP) levels (OR 5.35, 95% CI 1.74 to 16.5; Figure 2 ). The most important predictors for cumulative midterm mortality were increased pro-BNP levels (OR 11, 95% CI 1.51 to 81), AKI stage 3 (OR 6.80, 95% CI 2.55 to 15.66), LVEF <30% (OR 6.67, 95% CI 3.5 to 12.76), and periprocedural AMI (OR 6.52, 95% CI 2.34 to 18.14; Figure 3 ).
At meta-regression analysis, similarly, NYHA class >III was related to all-cause midterm mortality (Table 3 and Figure 4 ).
Discussion
Profound understanding of factors determining patient survival after TAVI is of paramount importance in clinical practice not only to enable to accurately select patients, that is, only those in whom treatment benefit outweighs the risk, but also to take appropriate measures to prevent complications in high-risk subjects, especially considering that the commonly used logistic EuroSCORE falls short in predicting mortality, as it does not take account of periprocedural events, and it is known to overestimate operative risk in patients undergoing TAVI. 7 This is the largest systematic review to assess predictors Based on Valvular Academic Research Consortium 1 criteria, the strongest predictor for 30-day mortality was stage 2 AKI, whereas stage 3 AKI was an important determinant of midterm mortality. The reported incidence of AKI after percutaneous valve implantation varies from 8% to 28%, 32 ,44e47 mainly because of differences in AKI definition, which is considerably lower than that observed after cardiac surgery. 48 Many patients actually demonstrate an improvement of renal function after TAVI rather than kidney injury, as abolishment of the valvular obstruction leads to improved renal hemodynamics. 44 Several factors are believed to be involved in the undesired development of AKI. Intraprocedural episodes of hypotension and emboli generated by catheter manipulations, balloon valvuloplasty and/or prosthesis deployment, and postprocedural bleedings might result in tubular ischemia and consequential decrease in kidney function.
46,47 Moreover, the occurrence of paravalvular aortic regurgitation produces acute volume overload with a subsequent increase in left ventricular end-diastolic pressure, ultimately leading to a reduction in diastolic renal blood flow and impairment of renal function. 46 The fact that AKI is most strongly associated with short-term mortality, also shown in the present review, supports this hypothesis.
Preprocedural elevated pro-BNP levels (measured 24 hours before TAVI) were also a strong independent predictor of both 30-day and midterm mortality. The prognostic value of natriuretic peptides was previously recognized in interventions on the aortic valve.
49,50 Likewise, baseline BNP and pro-BNP levels have been identified as independent predictors of 30-day and long-term mortality in TAVI, respectively. 49e52 The unfavorable outcome of valve interventions in patients with high BNP levels is believed to be related to the presence of impaired systolic and/or diastolic left ventricular function, as both types of myocardial dysfunction are associated with elevated BNP levels.
49
Patients with high preprocedural BNP might benefit from optimization of their hemodynamic status by bridging therapy (optimization of medical therapy or balloon valvuloplasty) before proceeding to TAVI, although further research is warranted to confirm this.
Not surprisingly, preprocedural hospitalization (mainly for decompensated AS) and preprocedural LVEF 30% were among the strongest predictors of 30-day and midterm mortality, respectively. This finding reflects, on one hand, the severity of AS disease and, on the other hand, a poorer functional status, characterizing the more frail patients. Moreover, recent research revealed that clinically inoperable patients, a designation often based on frailty, have worse survival compared with technically inoperable patients. 52 Finally, periprocedural myocardial injury and infarction were among the strongest predictors of post-TAVI mortality   670  671  672  673  674  675  676  677  678  679  680  681  682  683  684  685  686  687  688  689  690  691  692  693  694  695  696  697  698  699  700  701  702  703  704  705  706  707  708  709  710  711  712  713  714  715  716  717  718  719  720  721   661 of periprocedural and long-term mortality in high-risk and in this analysis. TAVI is systematically associated with Q6 722  662  663  664  665  666  667  668  669 highly symptomatic patients with severe AS from all over the world, undergoing TAVI treatment from 2003 to 2012, and thus represents a wide range of TAVI experience. The 30-day and midterm mortality rates in this large group of patients were 7.5% and 21.6%, respectively, signifying that nearly 30% of deaths occurred within the first 30 days after TAVI, well in line with data previously reported by several real-world registries and 1 meta-analysis. 42, 43 myocardial injury, as an increase in the troponin level above the URL is observed in nearly all patients. 21 ,53,54 A single study demonstrated a strong association between biomarkerdetermined myocardial injury (defined as peak values of cardiac troponin T and/or creatine kinase-MB >5 times the URL, not fulfilling the criteria for myocardial infarction) and 30-day and 1-year survival rates. 54 731  732  733  734  735  736  737  738  739  740  741  742 ischemia, resulting from a mismatch in myocardial oxygen supply and demand. The diffuse nature of myocardial injury makes it unlikely to cause left ventricular dysfunction with subsequent heart failure or myocardial scarring prone to ventricular arrhythmia. Therefore, it was hypothesized that myocardial injury is a marker for more extensive (vascular) disease, which may increase the risk for postprocedural adverse events. 21 Periprocedural myocardial infarction, defined by the additional development of new Q waves and/ or wall motion abnormalities according to the Valvular Academic Research Consortium criteria, is a rare finding estimated to occur in approximately 1% of TAVI cases. 21,53e55 In this review, it was identified as one of the strongest predictors of midterm mortality.
There was a great deal of overlap between the strongest predictors of 30-day and cumulative midterm mortality in the present work. This might origin from true shared predictors of both events, or it might reflect an overwhelming effect of 30-day mortality on the analysis of predictors for cumulative midterm death rates. The most powerful preprocedural predictors (elevated BNP, preprocedural hospitalization, and reduced LVEF) of mortality were predominantly related to AS disease severity, suggesting that timely reference for TAVI might be vital to increase the odds of postprocedural survival. All the postprocedural predictors (AKI and AMI) were associated with TAVI complications, emphasizing the importance of preventing these events. 56, 57 In this systematic review, the strongest independent predictors of 30-day and cumulative midterm mortality were identified by means of their measured effect size (expressed by their OR or hazard ratio). The reporting of predictors was therefore entirely determined by an arbitrarily set OR threshold of 5.0, meaning that less-influential predictors were not presented. These include predictors that might be of clinical importance based on their prevalence in the population with TAVI, rather than their effect size. The results of this study should be interpreted in the light of this notion.
Furthermore, the literature referred to in this review represents a considerable range of TAVI experience, institutional routines, follow-up durations, and complication definitions. The present analysis did not take into account this heterogeneity of the included studies, potentially hampering the generalizability of the results. Moreover, the validity of the multivariate analyses that yielded the independent predictors heavily depends on whether all potential predictors were measured and included in the model, as multivariate analysis does not consider unmeasured variables. Finally, the present review is a not patient levelebased analysis, consequently limiting methodological relevance of the present work. The assessment of external and internal validity of the separate studies was solely used to select the studies; the reported results were not weighed accordingly . 805  806  807  808  809  810  811  812  813  814  815  816  817  818  819  820  821  822  823  824  825  826  827  828  829  830  831  832  833  834  835  836  837  838  839  840  841  842  843  844  845  846   786 The authors have no conflicts of interest to disclose. 854  855  856  857  858  859  860  861  862  863  864  865  866  867  868  869  870  871  872  873  874  875  876  877  878  879  880  881  882  883  884  885  886  887  888  889  890  891  892  893  894  895  896  897  898  899  900  901  902  903  904  905  906  907  908  909  910  911  912  913 914  915  916  917  918  919  920  921  922  923  924  925  926  927  928  929  930  931  932  933  934  935  936  937  938  939  940  941  942  943  944  945  946  947  948  949  950  951  952  953  954  955  956  957  958  959  960  961  962  963  964  965  966  967  968  969  970  971  972  973  974 
